B
rachial plexus injuries are severe and often disabling injuries that occur in up to 5% of highenergy accidents. 4 Selecting the appropriate treatment relies on accurate grading and classification of the injury, whether partial or complete and pre-versus postganglionic. 6 One of the most common types of injury is complete brachial plexus injury with no function of the upper extremity (flail arm), which unfortunately portends a poor recovery. This injury pattern is typically associated with a high frequency of pre-ganglionic injury, with avulsion of multiple nerve roots. 4 Surgical treatment of these patients usually includes nerve transfers, which are especially challenging because of the limited availability of donor nerves to support functional recovery. The typical extra-plexal donors are the spinal accessory nerve, phrenic nerve, contralateral C-7, or intercostal nerves. A close anatomical relationship between the donor and recipient nerve is important in order to avoid the need for an interposition nerve graft with additional coaptation sites and potential loss of axons and resulting in poorer outcomes. 3 In complete brachial plexus injury, the most common technique for restoring shoulder stability, shoulder abduction, and external rotation is by neurotization of the spinal accessory nerve to the suprascapular nerve. Shoulder abduction is aided by supraspinatus muscle recovery and external rotation by infraspinatus muscle function, while reinnervation of rotator cuff muscles confers static and dynamic shoulder stability. In the study by Bertelli and Ghizoni 1 published in this issue of the Journal of Neurosurgery: Spine, the authors present their extensive experience with and results of spinal accessory to suprascapular nerve transfers for shoulder stability, abduction, and external rotation in patients who have suffered complete brachial plexus injury.
This is a retrospective analysis of 110 cases involving patients operated on during 11 years by a single surgeon for shoulder stability and abduction reanimation by spinal accessory nerve to suprascapular nerve transfer together with restoration of elbow flexion by either spinal nerve root grafting, with or without phrenic nerve transfer or intercostal nerve transfer to the musculocutaneous nerve. During this period, the surgeon modified the surgical approach from a classic L-shaped incision in the early phase to an oblique/extended incision. The latter allows more distal exploration of the suprascapular nerve at the suprascapular notch and fossa and better exposure of the donor nerve (the spinal accessory nerve), thereby avoiding the use of an interposition nerve graft (used occasionally when utilizing the classic approach). Successful shoulder abduction was defined as at least 30° during examination at least 24 months after the surgery. The authors identified a significantly higher success rate in range of shoulder abduction and also a much higher range of external rotation function in the group of patients who were treated utilizing the oblique/extended approach (those treated during the second part of the study period). Notably, the results for shoulder abduction are quite remarkable but with the caveat that the technique the authors use on video for measuring rotation includes both glenohumeral and scapulothoracic contributions, while others have attempted to measure "pure" glenohumeral abduction. 2 Readers should also note that the results noted for external rotation are for the degrees of rotation away from complete internal rotation with the forearm held at baseline against the chest wall. Future series should compare results using these criteria; we agree with the authors that these criteria provide a reliable index of shoulder movement on a functional basis for activities of daily living.
The strength of this paper is the patient cohort, which represents the largest series to date of spinal accessory to supraspinatus nerve transfer in complete brachial plexus injury, comparing the classic L approach with the more editorial Modified extended approach improves recovery following spinal accessory to suprascapular nerve transfer modern, and now routinely utilized, 5 oblique approach. The additional value of the paper is the concept of using an "extended" anterior approach to reach the supraspinatus nerve at the suprascapular notch area to find the nerve, which may be quite distal in in patients with very severe stretch injuries and avulsions. We too have employed this approach in several recent cases to find the nerve and to assess it for the rare "skip" lesion at the notch.
There are, however, some major limitations of this study that should be noted. First, this is an uncontrolled retrospective study of consecutive cases and includes surgeonevaluated outcomes, which may bias the results. Second, comparing a recent cohort to a more remote one adds a confounding issue related to the improved experience of the surgeon and more experienced supporting team, with better understanding and implementation of the rehabilitation process and physiotherapy methods (which are now receiving greater focus for restoring function following nerve transfer procedures). All of these factors may contribute to the improved outcome of the patients who were treated during the more recent period. Another possible confounding factor lies with the high percentage (more than 50%) of patients who were excluded from the study due to insufficient follow-up. The authors do not provide any information regarding recovery for these patients. Theoretically it is possible that patients did not return to follow-up because of dissatisfaction with a poor outcome, or alternatively, as a result of excellent recovery, so the overall results may appear better or worse than they truly are.
Nevertheless, this is the largest series to date of spinal accessory to suprascapular nerve transfer in patients with complete brachial plexus injuries, and the authors provide valuable information and pearls for current and future management of such cases. The concept of an extended approach, which enables better anatomical exposure and evaluation of the donor spinal accessory nerve and recipient supraspinatus nerve, is a major advance. We congratulate the authors on their series and their results and encourage them to undertake future studies that assess this approach in a prospective fashion and also evaluate patients' quality of life and overall satisfaction. Of the 565 patients who underwent surgery for brachial plexus injuries during the period from 2002 to 2012 in our institution, 50% were found to have total palsy of the brachial plexus (Table 1) . Such extended lesions mostly resulted from stretch injuries following motorcycle accidents. 13 Unlike a clean cut, the stretch injury energy dissipates along the brachial plexus elements producing extended lesions. Hence, the possibility of extending the dissection up to a healthy distal nerve stump is crucial for success in an accessory to suprascapular nerve transfer. We always initiate dissection of the suprascapular nerve by the limited supraclavicular anterior approach. If we cannot find a healthy suprascapular nerve, we detach the trapezius from the clavicle to assess the suprascapular nerve retroclavicularly. If scar tissue prevents dissection, we expose the suprascapular nerve at the suprascapular fossa. Direct exposure of the suprascapular nerve at the suprascapular fossa saves time if the patient has clavicle fracture or dislocation or has had previous surgery. Dissection at this level is not easy, and venous bleeding should be controlled without extensive bipolar use to avoid injury of the delicate motor branches. Veins at this level resemble the vertebral plexus, and control of bleeding may require elevation of the patient's head and the application of local hemostatic agents. In 2004, we introduced the posterior approach for suprascapular nerve reconstruction in patients with brachial plexus lesions. 3 Relative to the anterior approach, dissection of the suprascapular nerve was more difficult and occurred in a much deeper plane, roughly 10 cm from the skin surface. It should be stressed that the suprascapular notch is located underneath the clavicle and not close to the scapular spine. Using the posterior approach, there was no clear control of the suprascapular vessels. In addition, patients needed to be in a prone position at the beginning of the procedure but then be turned to a supine position for elbow flexion reconstruction, and the repositioning was time consuming. We therefore ultimately abandoned the posterior approach for routine exposure of the suprascapular nerve during brachial plexus surgeries. More recently, a few surgeons have proposed the posterior approach for accessory to suprascapular nerve transfers, 1, 5, 7, 8 its advantages being less denervation of the trapezius muscle and nerve coaptation closer to the muscles. However, the extended anterior approach permits coaptation at the same level, with greater comfort. The argument that the dorsal approach preserves trapezius strength also is questionable. While harvesting the spinal accessory nerve, provided that innervation of the upper trapezius nerve is preserved, postoperative trapezius strength is always maintained, as demonstrated in the 110 patients enrolled in our current study. Extended dissection of the spinal accessory nerve leads to a decreased number of fibers, from 1300 to 800, 14 for suprascapular nerve reconstruction. In total lesions of the brachial plexus, whether treated via the extended anterior or the posterior approach, the benefits of performing a distal accessory to suprascapular nerve coaptation closer to muscle targets need to be determined, given the decreasing number of regenerating fibers. Indeed, in electrophysiological studies involving 74 patients with brachial plexus injuries, Rui et al. 10 observed no differences between the classic anterior and posterior approaches with respect to the time to infraspinatus reinnervation. Moreover, in 23 patients operated upon using the posterior approach, the mean range of abduction recovery was only 29º an average of 32 months after spinal accessory to suprascapular nerve transfer. Data on abduction recovery with the classic anterior approach were not reported. The authors 10 concluded that the posterior approach should be employed only when the classic anterior approach is not feasible.
In general, in order to avoid muscle stretching and glenohumeral subluxation, the use of an arm sling is recommended to patients with brachial plexus injury. 11 However, the prolonged use of the arm sling leads to permanent elevation of the shoulder joint and clavicle, making dissection of the suprascapular nerve difficult (Fig. 1) . In addition, the use of the arm sling leads to shoulder adduction and internal rotation contractures, which are very difficult to treat in these completely palsied limbs. We strongly discourage preoperative use of any arm sling and allow our patients to use the arm sling for just a few days after surgery. It might be thought that by not using an arm sling to avoid supraspinatus stretching before re-innervation there might be some negative effect on recovery, but we have not found that to be the case. Moreover, it is possible that when patients do not use the arm sling, the supraspinatus muscle is stretched and that this stretching inhibits muscle atrophy. Experimentally it has been demonstrated that stretching of denervated muscle augments the production of actin and myosin filaments and the number of sarcomeres. 12 In our hands, among all the nerve transfers procedures available for treatment of total palsies of the brachial plexus, the accessory to suprascapular nerve transfer is the most reliable. In a large series of 110 patients we demonstrated an overall failure rate, meaning less than 30º abduction, of only 9%, with an average range of abduction recovery of approximately 60º (SD 25º). Due to the complexity of shoulder motion, one-third of the motor fibers within the brachial plexus innervate shoulder muscles. 6 Hence, it is not possible to obtain abduction recovery above horizontal by a single nerve transfer. In total palsies, abduction above horizontal is in fact not only impossible to achieve but would be useless if the hand remains paralyzed.
Complete palsies of the brachial plexus are devastating injuries and the possibilities for reconstruction are still very limited. Brachial plexus exploration and root grafting allow for immediate pain control in 50% of patients and partial restoration of shoulder and elbow motion. 2, 4 These achievements, although modest, improve patients' quality of life. Unfortunately, objective measurements of the use of the treated limb in daily activities are lacking. 9 One main reason for the lack of these clinimetric studies is that common instruments for assessment of upper-limb function, such as the DASH (Disabilities of the Arm Shoulder and Hand) questionnaire, poorly differentiate neurological recovery from adaptation in day-to-day tasks using the unaffected limb. 
